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Introduction
Globalisation has changed the world, and in the process it may have changed how inflation works. Evidence, mostly from advanced economies, accumulates suggesting that global factors increasingly drive inflation and that domestic factors weaken. 5 If so, that would leave little leverage for central banks to affect domestic inflation and thereby weaken their ability to achieve price stability. Hence, it is critical to understand the changes globalisation brought to the inflation process: To which degree do domestic versus global factors, such as output gaps, drive inflation? How has the role of these output gaps evolved after the financial crisis? And to which degree does the inflation process differ between advanced economies and less well-studied emerging markets?
We answer these questions in a modified New Keynesian Phillips curve framework. The dynamic panel framework, which develops further the analytic setup of Jašová, Moessner and Takáts (2018) , allows us to answer the questions in a form directly interpretable for monetary policy while controlling for non-linear effects of exchange rate passthrough. The latter is particularly important for emerging markets. The setup also allows answering these questions without relying on a particular theoretical model (Forbes, 2018) , and follows in spirit several papers using the Phillips curve setup (Blanchard, Cerutti, and Summers, 2015; Blanchard, 2016; and Mojon and Ragot, 2018) . Furthermore, the panel setup allows us to exploit cross-country variation to uncover emerging trends early for a large group of countries -addressing the identification difficulties stemming from individual country level estimates highlighted recently by Forbes (2018) and Reichlin (2018) .
We find broadly that both domestic and global output gaps matter: (i) across regions (advanced and emerging economies), and (ii) across time (before and after the financial crisis.) We observe the expected sign whenever the coefficient estimates are significant: positive output gaps are associated with higher inflation and negative output gaps with lower inflation.
However, we find suggestive evidence for very different trends between advanced and emerging markets after the global financial 5 The evidence on global factors started to accumulate well before the current policy debate and before the financial crisis, see for instance, Gamber and Hung (2001) , Ball (2006) , Bean (2006) , Borio and Filardo (2007) . After the financial crisis, a new stream of literature raised this question, in part responding to the unexpectedly weak response of inflation to the business cycle, see, for instance, Ciccarelli and Mojon (2010) , Ihrig et al. (2010) , Eickmeier and Pijnenburg (2013) , Berganza et al. (2016) , Mikolajun and Lodge (2016) , Auer et al. (2017) and Forbes (2018). crisis: While in advanced economies the effect of the domestic output gap declines, in emerging markets the effect of the global output gap declines. Conversely, we find some signs that the effect of the global output gap remains broadly stable in advanced economies after the crisis, and the effect of the domestic output gap remains broadly stable in emerging markets (although the latter two results are less robust to different specifications).
We estimate the effects of output gaps using a New-Keynesian Phillips curve framework, for a panel of 26 advanced and 22 emerging economies for the 1994Q12017Q4 period using quarterly data. Acknowledging the potential differences in inflation processes, including, for instance, in inflation persistence or in exchange rate passthrough, we estimate the output gap effects separately for advanced and emerging economies. Importantly, our setup allows for non-linear effects of exchange rate changes, which have been shown to be of particular importance for emerging markets (Jašová, Moessner and Takáts, 2018) as the underlying pass-through process may be non-linear (Bussière, 2013; Cheikh and Rault, 2015) .
We also address the potential econometric issue created by the strong correlation between the domestic and global output gaps. To this end, we calculate the component of the domestic output gap for each country which is orthogonal to the global output gap -and repeat our analysis with this "orthogonal" domestic output gap. This approach effectively puts a lower bound on the estimates of the domestic output gap effect, ie it attributes all possible inflationary changes to the global output gap whenever the global and domestic output gaps are correlated. Still, even under this restrictive estimation approach we find the domestic output gap to be broadly significant along the lines of our benchmark results.
Turning to our detailed results, we show relevant differences between advanced economies and emerging markets. For advanced economies, both the global output gap and the domestic output gap generally affect inflation positively and significantly. This is true for the whole sample period of 19942017, in the pre-crisis period from 1994Q1 to 2008Q2, and in the post-crisis period from 2008Q3 to end-2017 (except that the global output gap is significant pre-crisis only when using the orthogonal domestic output gap specification, not when using the benchmark domestic output gap specification). We find a significant decrease in the domestic output gap coefficient post-crisis for advanced economies. When restricting the post-crisis period to 2009Q32017Q4, the estimated domestic output gap coefficient becomes insignificant for advanced economies. We find that the effect of the global output gap remains broadly stable in advanced economies after the crisis.
For emerging economies, we find that the global output gap affects inflation positively and significantly. Again this is true for the whole sample period of 19942017, in the pre-crisis period from 1994 to 2008Q2, and in the post-crisis period from 2008Q3 to end-2017. By contrast, the domestic output gap has a significant effect on inflation in the post-crisis period from 2008Q3 to end-2017, but not in the precrisis period. This significance survives if we restrict the post-crisis period to the 2009Q3-2017Q4 period, but then the global output gap becomes insignificant. However, the pre-crisis insignificance of the domestic output gap arises due to large standard errors reflecting various emerging market crises in the 1990s: re-running the analysis for the 2000Q12008Q2 period yields a significant domestic output gap coefficient. We do not find a significant change in the domestic output gap coefficient for emerging markets post-crisis. The global output gap becomes a less important inflation driver in the post-crisis period for emerging economies when excluding the quarters of the financial crisis, but not when including them.
We subject our benchmark results to extensive robustness checks. While our benchmark specification uses dynamic system GMM estimation, we show that our results are robust to applying a withingroup estimation. Second, we also saturate the specification with time fixed effects to absorb all observed and unobserved global factors and we find that this does not materially affect our domestic output gap estimates. Finally, we test for robustness to using a different measure of the global output gap estimated by economists at the World Bank.
Our paper contributes to the literature in three main areas. First, we expand the standard domestic New Keynesian Phillips curve by adding global output gaps and non-linear exchange rate pass-through. This provides a robust analytical framework to assess changes both in advanced and emerging markets -and demonstrates the usefulness of the (modified) New Keynesian Phillips curve in an international setting along the lines of recent work in Blanchard, Cerutti, and Summers (2015) , Blanchard (2016) and Forbes (2018) . Our results on the global output gap confirm the findings in Forbes (2018) who finds, using a Phillips curve framework for 31 advanced and 12 emerging economies, that global factors can significantly affect inflation, and that including more comprehensive controls for global factors can meaningfully improve the ability of simple models to predict inflation. Our results are also consistent with Mojon and Ragot (2018) who find strong support for the wage Phillips curve for the G7 countries, eight euro area member countries and 19 OECD countries.
Second, we uncover different trends in advanced and emerging economies after the financial crisis: While the effect of the domestic output gap declines in advanced economies, the effect of the global output gap declines in emerging markets. These findings are new, because, as we review below, most of the literature either focused on advanced economies or on global trends, but did not separate advanced and emerging economy trends.
Our advanced economy findings on the Phillips curve flattening are consistent with a fast-growing literature, though our evidence on the post-crisis flattening are potentially new. Blanchard (2016) shows that the slope of the US Phillips curve (in terms of unemployment) has substantially declined. However, he dates the decline dating back to the 1980s rather than to the global financial crisis and finds no evidence of a further decline after the crisis. Similarly, Blanchard et al. (2015) estimate a Phillips curve relationship over the past 50 years for 20 advanced economies, and find that the effect of unemployment on inflation decreased until the early 1990s, but has remained roughly stable since then. Ball and Mazumder (2011) find that the Phillips curve has flattened since the mid-1980s, and that the backward-looking Phillips curve estimated over 1985-2007 continues to fit after 2007 applied to median CPI inflation. Gordon (2013) reports that a Phillips curve which allows for a time-varying NAIRU can explain the behaviour of both headline and core US inflation (based on the deflator for Personal Consumption Expenditures) over the five decades to 2013. Kuttner and Robinson (2010) show evidence of a flattening structural new-Keynesian Phillips curve for the United States and Australia. Using a simple reduced-form Phillips curve, Roberts (2006) finds evidence of a flattening Phillips curve for the United States, and concludes that changes in monetary policy can account for most or all of the flattening (with Kohn (2005) following a similar argument). Borio and Filardo (2007) argue that the role of global factors in affecting inflation has grown especially since the 1990s, and that for some economies global factors appear to have supplanted the role of domestic measures of economic slack. Ciccarelli and Mojon (2010) argue that inflation in industrialised countries is largely a global phenomenon, with a common factor accounting for nearly 70% of the variance of national inflation rates, and that there is an error correction mechanism that brings national inflation rates back to global inflation. Auer, Borio and Filardo (2017) find that the expansion of global value chains, ie crossborder trade in intermediate goods and services, is an important channel through which global economic slack influences domestic inflation.
Our emerging market evidence is new, as most of the literature has focused on advanced economies. Most recently Forbes (2018) uses a sample of 31 advanced and 12 emerging economies, but the analysis only restricts to the global trends and does not separate the trends between advanced and emerging economies.
Third, to the best of our knowledge this is the first paper that explicitly addressed the issue of multicollinearity across global and domestic output gaps. To this end, we introduce orthogonal output gap estimations that use the component of the domestic output gap which is orthogonal to the global output gap when estimating a NewKeynesian Phillips curve. This allows us to disentangle the impact of strictly and purely domestic factors.
One caveat to our results is that they apply to groups of countries, and not necessarily to individual economies. Hence, our results do not offer direct implications for individual countries and they should be seen rather as broader trends across advanced economies and emerging markets.
The remainder of the paper is organised as follows. Section 2 introduces the data. Section 3 presents the benchmark specification and results. Section 4 discussed the evolution of the output gap effects and Section 5 presents results using orthogonal domestic output gaps. Section 6 provides robustness results. Finally, the section 7 concludes.
Data
We analyse quarterly time-series data for 22 emerging 6 and 26 advanced 7 economies over the period 1994Q1-2017Q4. We study the effect of domestic and global output gaps on consumer price inflation, using log differences in quarterly seasonally adjusted consumer price indices (CPI) as our dependent variable.
We control for the effects of exchange rate changes on inflation. We use the BIS nominal effective exchange rate (NEER) broad indices available from 1994 onwards with 2010 as the indices' base year. In the 6 Argentina, Brazil, Chile, China, Colombia, the Czech Republic, Hong Kong SAR, Hungary, India, Indonesia, Israel, Korea, Mexico, Malaysia, Peru, the Philippines, Poland, Russia, Singapore, South Africa, Thailand and Turkey. 7 Australia, Canada, Denmark, Japan, New Zealand, Norway, Sweden, Switzerland, the United Kingdom, the United States, Austria, Belgium, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Latvia, Lithuania, the Netherlands, Portugal, Slovak Republic, Slovenia and Spain. regression analysis, we use log differences in the average quarterly NEER indices. In our definition, an increase in the NEER implies an appreciation of the local exchange rate.
Our measure of the domestic output gap is calculated by employing the standard univariate Hodrick-Prescott filtering method for each country in our sample individually. We use the standard smoothing parameter λ set to 1600 for all available quarterly GDP data. We also use growth projections to address the endpoint problem in the estimation. The underlying real GDP series are taken from national sources. We use the data starting in 1994Q1 or later depending on their availability.
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The global output gap is calculated according to the same methodology as the domestic output gap, and it is computed from national data as a weighted average. We use GDP on a PPP basis as weights for the calculation of the global output gap.
For robustness tests, we also use global output gap estimates from Kose, Ohnsorge and Some (2018) , economists at the World Bank.
9
They estimated national output gaps of each country using nine different methods (including univariate and multivariate filters, the production function approach and two expectations-based measures), and then aggregated them into a global output gap using GDP weights, for a sample including 15 advanced economies and 23 emerging market and developing economies, for quarterly data from 2000-2017.
We control for oil prices, using average quarterly West Texas Intermediate (WTI) crude oil spot prices in US dollars transformed into quarterly log changes. We also include inflation expectations within the New-Keynesian Phillips curve setup. We take end-year inflation expectations data from Consensus Economics and interpolate it to quarterly frequency. In detail, we do so as follows: For Q4, we take the end-year expectations data. For Q1, we linearly interpolate the current year's end-year expectations. For Q2, we use the current end-year estimates and deduct the effect of the actual quarterly inflation realisation for Q1. For Q3, following the same logic, we use the current end-year estimates and deduct the effect of the actual quarterly inflation realisations for Q1 and Q2.
Appendix A provides a detailed description of the data.
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Data are available since 1995 Q1 for Hungary, Israel and Poland; since 1996 Q1 for Chile and the Czech Republic; since 1996 Q2 for India and since 1998 Q1 for the Philippines. 9 We would like to thank Ayhan Kose and Franziska Ohnsorge for providing us with a quarterly time series of their global output gap estimates.
Benchmark specification and results

Empirical strategy
We estimate the effects of domestic and global output gaps on inflation from the panel regression described by equation (1), our benchmark regression: π = α + ρE π + δπ + ϕy + λy + θπ
Here, denotes log differences in quarterly seasonally adjusted consumer price indices (CPI) in country i in quarter t; E π denotes quarter-on-quarter inflation expectations; y is the global output gap; y is the domestic output gap in country i in quarter t; ∆ is the (change in the log of) the nominal effective exchange rate; and π denotes log-differences in oil prices.
The estimation period is 1994Q1-2017Q4. To capture any nonlinearities in the exchange rate pass-through, we extend the specification to include quadratic and cubic changes in exchange rates (∆NEER and ∆NEER respectively). All exchange rate terms are presented with a negative sign given that in the original series local exchange rate depreciation is reflected as a decrease in the NEER. The specification uses contemporaneous exchange rate change and three additional lags to capture exchange rate pass-through over the period of one year. We also include country fixed effects (α ) to control for any observed or unobserved time-invariant country heterogeneity. We estimate equation (1) separately for advanced and emerging economies.
We use the system generalized method of moments (GMM) following Arellano and Bover (1995) and Blundell and Bond (1998) in order to deal with panel data with endogenous explanatory variables. It is also appropriate to use this method here since the coefficient on the lagged dependent variable, lagged inflation, is significant for both advanced and emerging economies. The benchmark specification relies on the system GMM technique with 2-8 lags of log NEER changes, of the domestic output gap, and of lags of log CPI changes as GMM instruments for levels and first differences equations.
Results
We estimate our benchmark regression (1) separately for advanced and emerging economies (Tables 1 and 2 , respectively). We show the main coefficient estimates for both groups for four time periods: (1) Effect of domestic and global output gaps for advanced economies Table 1 Coefficients using system GMM estimations in Equation 1 Dependent variable: π Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) For advanced economies, we find that the global output gap affects inflation positively and significantly in most time periods (Table 1) . This is the case in the whole sample period of 1994−2017 (Column 1), and in both post-crisis periods (Columns 3 and 4). Yet, we do not find any significant global output gap effect for the pre-crisis period in this benchmark specification (Column 2). But as shown below, the global output gap effect is significant also in the pre-crisis period when using the orthogonal domestic output gap specification (see Table 5 ). Overall, whenever statistically significant, the coefficient on the global output gap is larger than the coefficient on the domestic output gap.
The statistical tests for over-identifying restrictions confirm that our specification is appropriate (bottom rows of Table 1 ). We consistently perform these tests throughout our analysis: while they confirm our setup in all specifications, we do not discuss them explicitly later on.
The domestic output gap estimates for advanced economies decline later in our sample period. The coefficient estimates are significant and large in the pre-crisis period (Column 2), but they are already smaller in the post-crisis period (2008Q3−2017Q4, Column 3) and become outright statistically insignificant when we exclude the crisis quarters (2009Q3−2017Q4, Column 4). While insignificance might arise due to smaller sample size, we do not observe a similar issue with the global output gap, which remains significant in that period. These findings suggest that the effect of the domestic output gap has declined in advanced economies. These results contribute evidence to recent discussions on a possible flattening of the (domestic) Phillips curve (Cunliffe, 2017; IMF, 2013; Blanchard et al., 2015; Blanchard, 2016; Kiley, 2015) .
For emerging markets, the global output gap affects inflation positively and significantly in all time periods, except in the post-crisis period which excludes the financial crisis quarters (see Table 2 ). Furthermore, the global output gap coefficients reported in Columns 1-4 are consistently larger than the ones on the domestic output gap. Interestingly, the effect of the global output gap in emerging markets shows a similar pattern as that of the domestic output gap in advanced economies, ie it declines after the financial crisis.
The domestic output gap affects inflation in emerging economies both before and after the financial crisis. At first sight it appears that the domestic output gap affects inflation only after the financial crisis (Columns 4 and 5), but not in the pre-crisis period (Column 2). However, this pre-crisis insignificance of the domestic output gap coefficient seems to arise due to large standard errors reflecting various emerging market crises in the 1990s. Re-running the analysis for the 2000Q1−2008Q2 period yields a significant domestic output gap coefficient (Column 3). This suggests that the domestic output gap was an important inflation driver also in the pre-crisis period for emerging markets (though perhaps not in the volatile period of 1990s). In sum, the emerging-market-specific estimates do not suggest a flattening of the domestic Phillips curve. This is in contrast to the results observed for advanced economies and highlights the value to undertake this analysis separately for emerging markets.
Effect of domestic and global output gaps for emerging markets Table 2 Coefficients using system GMM estimations in Equation 1 Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) One caveat arises, however, in interpreting the above results: the panel setup that we use implies that our results apply only to groups of countries, and not to individual economies. Hence, the above trends should not be read as specific estimates for any country in our sample: it is not inconceivable that some advanced or emerging economies exhibit very different dynamics than what we observe for the group.
Taken together, the results suggest that the New-Keynesian Phillips curve framework continues to be useful for estimating the effects of output gaps on inflation in a cross-country setting. It also suggests that after the financial crisis the effect of the domestic output gap on inflation weakened in advanced economies, while the effect of the global output gap weakened in emerging markets. In the following section, we analyse these potential trends more formally.
Evolution of the output gap effects
Our benchmark results suggested that the effect of output gaps on inflation has changed after the financial crisis: On the one hand, in advanced economies we saw a decline of the domestic output gap coefficient consistent with a flattening of the domestic Phillips curve. On the other hand, in emerging economies we saw the effect of the global output gap decline. To investigate these suggestive trends more formally, we formally evaluate the statistical significance of post-crisis change in this section for our full sample.
Formally, we re-estimate equation (1) by adding an interaction dummy for the post-crisis years, as shown in equation (2) 
When introducing these dummies denoted by Post , we consider both the case when the crisis quarters are included (2008Q3−2017Q4), and when they are excluded (2009Q3−2017Q4). This allows us to investigate whether the potential post-crisis flattening of the Phillips curve happened after the crisis or even during the crisis (and whether the dramatic output gap movements during the crisis might affect the estimates).
The results for advanced economies are shown in Table 3 . The framework of including both pre-and both crisis periods, albeit with different coefficients, allows us to investigate whether the post-crisis change is statistically significant. We focus on the specifications where we allow, as in equation (2), simultaneous changes in all coefficient estimates. Column 1 uses a specification when the post-crisis period includes the crisis quarters, whereas Column 2 shows the results when the crisis quarters are excluded from the post-crisis estimates.
We find that, consistent with our benchmark results, the effect of the domestic output gap declines significantly in advanced economies irrespective of whether we include the crisis quarters or not.
Furthermore, this result is also robust when we introduce interaction terms only for the output gap variables (results available upon request).
Phillips curve flattening: advanced economies The decline is larger in the domestic gap coefficient estimates when we look at the period excluding the crisis quarters (Column 2). For the global output gap, the interaction coefficient is less consistent: while its effect increases significantly when including the financial crisis quarters (Column 1), the change becomes insignificant when we exclude the crisis, ie the quarters characterised by very strong correlations between the global and domestic output gaps (Column 2).
For emerging economies, we repeat the estimation of equation (2) with both post-crisis dummies (Table 4) . Consistent with our benchmark results, we do not find any significant change in the domestic output gap coefficient in any specifications. In contrast, we do find that the global output gap becomes a significantly less important inflation driver after the crisis when we exclude the crisis quarters (Column 1). This decline, however, becomes insignificant once we include the volatile quarters of the financial crisis (Column 2). Again, these results remain robust when we introduce interaction terms only for the output gap variables (results available upon request). To summarize, our results show that the Phillips curve relationship has changed significantly both for advanced and emerging market economies after the global financial crisis -though not in the same way. For advanced economies, we see a statistically significant decline in the estimated domestic output gap coefficient irrespective of how we define the post-crisis period. This result contributes evidence to the recent discussions on the possible flattening of the Phillips curve. In contrast, for emerging markets we find a statistically significant decline in the global output gap coefficient estimate after the financial crisis in the specification when we exclude the financial crisis years.
Phillips curve flattening: emerging markets
Orthogonal domestic output gap
In this section we examine more formally the potential implications of domestic and global output gap correlations, especially during the financial crisis. The strong correlation between the global and domestic output gaps (the correlation coefficient is 0.55 in the full sample), particularly during the financial crisis (the correlation coefficient is 0.75 between 2008Q3 and 2009Q2), could potentially confound the coefficient estimates. The evolution of the correlation between domestic and global output gaps for advanced and emerging economies is shown in Graph 1. For both advanced and emerging economies, the correlation between domestic and global output gaps tended to increase from the start of the sample period until the financial crisis, when it peaked and fell back subsequently. Furthermore, our regressions in the previous section hint at the possibility that the domestic and the global output gap can take over each other's effect as we include the crisis quarters.
To address this correlation, we orthogonalise the domestic output gap with respect to the global output gap. Specifically, we use the component of the domestic output gap in country i in quarter t which is orthogonal to the global output gap, instead of using the usual domestic output gap estimate directly. We call this measure the orthogonal domestic output gap, and denote it by y . Note that by definition it is uncorrelated with the global output gap.
Formally, we estimate the orthogonal domestic output gap in two steps. In the first step, we regress the domestic output gap on the global output gap and a country fixed effect in fixed-effect (withingroup) panel regression, as shown in Equation 3:
We estimate equation (3) for advanced and emerging economies together in our main specification.
Correlation of global and domestic output gaps 1 Graph 1
1 Three-year rolling window estimates based on quarterly data. Output gaps calculated with standard Hodrick-Prescott filter applied to quarterly real GDP series (see Appendix Table A1 ).
Sources: National data, BIS, authors' calculations.
In the second step, we define the orthogonal domestic output gap as the combined residual, namely the sum of the fixed-error component, α͠ , and of the overall error component, ε estimated in Equation 3, as shown in Equation 4:
We then re-estimate the main specification using the above orthogonal domestic out gap, instead of the domestic output gap, as shown in Equation 5: π = α + ρE π + δπ + ϕy + λy + θπ −
In all other aspects, we maintain the same specification and notation as in our benchmark Equation 1. Consistently with our approach so far, we estimate Equation 5 separately for advanced economies and emerging markets.
Importantly, by using the orthogonal domestic output gap measure we allocate all the impact arising from the correlation of the global and domestic output gap to the global output gap. Hence, the orthogonal 
Advanced economies
Emerging market economies domestic output gap estimates constitute a lower bound on the underlying "true" domestic output gap impact, as some of the correlation allocated to the global output gap coefficient might reflect a domestic effect. In contrast, in these orthogonal estimates we obtain more of an upper bound for the global output gap effect. In other words, we make it more difficult to find the domestic output gap to be significant in the orthogonalised setup. If, in spite of this setup, the orthogonal domestic output gap continues to be significant, that would be a strong signal for the relevance of domestic factors.
As before we first focus on advanced economies when we estimate Equation 5 with the orthogonal domestic output gap (Table 5 ). Most importantly, the results remain strikingly similar to the benchmark results with regard to the domestic output gap, which confirms that our benchmark specification was correct, and that the correlation does not materially affect the domestic output gap estimates. Furthermore, the declining pattern for the domestic output gap coefficient remains unchanged.
Orthogonal domestic and global output gaps for advanced economies Table 5 Coefficients using system GMM estimations in Equation 5 Dependent variable: π Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) However, two changes arise for the global output gap coefficient estimates. First, the pre-crisis global output gap estimates become statistically significant in the orthogonal setup. Second, the magnitude of the global output gap coefficients becomes larger. Both changes are consistent with obtaining an upper bound estimate for the global output gap effect. Using the orthogonalised domestic output gap, the coefficient on the global output gap is roughly of the same magnitude as that on the domestic output gap in the pre-crisis period, but it becomes significantly larger (more than three times as large) in the post-crisis period.
Next, we repeat the orthogonal analysis for emerging markets (Table 6 ). The comparison with the benchmark regression shows an even more similar pattern than what we have seen earlier for advanced economies. The coefficients on the orthogonal domestic output gap and global output gap exhibit the same sign and significance and very similar magnitudes as in the benchmark model. Of course, as we expect based on obtaining the upper bound estimates, we find slightly larger and more significant coefficient estimates for the global output gap. This confirms that even in the case of emerging markets, our benchmark regression was well-specified and the correlation does not materially affect the domestic output gap estimates.
Orthogonal domestic and global output gaps for emerging markets Table 6 Coefficients using system GMM estimations in Equation 5 Dependent variable: π Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) dynamic panel estimator. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
a Includes linear and non-linear controls for NEER changes. b Reports p-values for the null hypothesis that the instruments used are not correlated with the residuals.
c Reports p-values for the null hypothesis that the errors in the first difference regression exhibit no second order serial correlation.
In sum, repeating our analysis of the benchmark regression when using the orthogonal domestic output gaps produces very similar results. While the coefficient estimates for the global output gap become slightly more significant and larger (as expected by removing the correlated parts from the domestic output gap), the orthogonal domestic output gap coefficients remain strikingly similar to the benchmark specification's domestic output gap coefficients. All of the identified main trends, both the declining domestic output gap coefficients in advanced economies and the declining global output gap coefficients in emerging markets, remain robust. All in all, the analysis suggests that our benchmark results are not materially driven by the correlation between the global and domestic output gaps.
Robustness checks
We check the robustness of our benchmark results to three main changes. First, we check robustness of the results when re-running Equation 1 using a within group specification, instead of the benchmark system GMM specification. Second, we apply time fixed effects to capture all potential effects of globalisation (in addition to global output gaps) when assessing the domestic output gap estimates. Third, we show that our results are also robust when using the global output gap estimated at the World Bank by Kose et al. (2018) .
First, we re-estimate Equation 1 using a within-group fixed effect panel regression instead of the benchmark GMM specification. The within group estimate addresses the concern that our sample might not be sufficiently large for the computationally intensive benchmark GMM specification. While the within-group estimates are not perfect, in particular since they give rise to the Nickell (1981) bias and underestimate the persistence parameter (the coefficient on lagged inflation in our case), their small sample properties might be better than the GMM estimates. Table 7 summarizes the within-group estimates for advanced economies. Broadly speaking, the estimates for both the global and local output gaps confirm the benchmark GMM estimates. Of course, as we expect, the coefficients on the contemporaneous variables (such as the output gaps) tend to be slightly larger, while the estimated inflation persistence (the coefficient on the lagged inflation term) tends to be slightly smaller. 10 Overall, the within group results are consistent with the hypothesis that the GMM specification is appropriate for our sample.
Effect of domestic and global output gaps for advanced economies Table 7 Coefficients using system Within Group estimations in Equation 1 Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) However, one change arises compared to the benchmark estimates: the effect of the global output gap estimate becomes insignificant when estimated for the post-crisis period excluding the crisis quarters (2009Q3-2017Q4). While this is relevant to note, the decline in significance is primarily driven by the increasing standard errorshence, it might more reflect the specifics of the within group estimate than suggesting an insignificance of the global output gap estimate.
The within-group estimates for emerging economies show a similar pattern to what we have seen previously for the benchmark GMM specification (Table 8 ). In most time periods, the qualitative results, ie the basic signs and significance levels for the output gap coefficients are the same for the within group and GMM estimates (the exception is that the domestic output gap loses significance in the shorter preand post-crisis periods). Again, the within group estimate of inflation persistence (the coefficient on the lagged inflation term) is slightly 10 Also, the marginally significant inflation expectation terms of Table 1 become significant and negative in the post-crisis estimates. This does not reflect qualitative change: the within group estimate is likely to overestimate the effect of contemporaneous parameters (such as the inflation expectation) while underestimating the persistence parameter.
smaller. The results again confirm robustness of the benchmark results and suggest that the GMM specification performs generally well for emerging markets as well.
Effect of domestic and global output gaps for emerging markets Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) Second, we address the concern that unobserved global factors might affect our benchmark results. While our benchmark specification controls for the global output gap and oil prices, which are in our view the two most important global factors, it does not formally include other potentially relevant drivers of globalisation, such as the emergence of cross-border supply chains and increasing trade openness. In order to control for all of these potential other global factors, we repeat our benchmark regression with applying time (quarter) fixed effects (and naturally drop the global output gap and the oil price variables). Formally, we estimate a slightly modified version of Equation 1 as shown in Equation 6:
where λ denotes the time (quarter) fixed effects.
In the case of both advanced economies and emerging markets, the time fixed effect regression results are very similar to the benchmark regression results (see Tables B1 and B2 in the Appendix, respectively). Importantly, this is not only the case for the domestic output gap coefficient, but also for the inflation persistence and inflation expectation coefficients. This confirms that in the case of advanced economies, unobserved global factors do not materially affect our estimates of the coefficient on the domestic output gap.
Next, we address the concern about the measurement of the global output gap. In our benchmark regression we calculated the global output gap measure using PPP-based GDP weights of individual country output gaps (consistent with the BIS methodology). In an alternative setup, we re-estimate our benchmark regression using the global output gap measure from Kose et al. (2018) at the World Bank, to ensure that our results do not depend on a particular global output gap measure. The regression results, which follow our benchmark regression results for advanced economies (Table 1 ) and emerging markets (Table 2) are shown in Appendix Tables B3 and B4, respectively. The coefficient estimates are very close to our benchmark estimates for all time periods, both for advanced and emerging economies, confirming that our results are not materially driven by the choice of global output gap estimate.
Conclusions
We studied how domestic and global output gaps affect CPI inflation using a New-Keynesian Phillips curve framework, for a panel of 26 advanced and 22 emerging economies from 1994 to 2017. We controlled for non-linearities in exchange rate pass-through when estimating the effects of output gaps, as well as for the effects of oil prices.
We find broadly two different trends for advanced economies and emerging markets. While in advanced economies the effect of the domestic output gap declines significantly after the crisis, in emerging markets the effect of the global output gap declines significantly after the crisis. These results hold robustly under extensive changes in specification. Conversely, we find some signs that the effect of the global output gap remains stable in advanced economies, and the effect of the domestic output gap remains stable in emerging markets, but these two latter results are less robust to different specifications. Most importantly, the paper highlights the usefulness of the New-Keynesian Phillips curve framework to analyse the relative role of domestic and global factors, particularly of domestic and global output gaps, as inflation drivers.
The results offer direct policy implications. On the one hand, they contribute evidence on the flattening Phillips curve for advanced economies. While the results should not be seen as applying to any individual country, but rather to a group of countries, they still suggest that advanced economy central banks and international organisations were right to discuss policy options when inflation becomes less responsive to domestic factors. On the other hand, the results also highlight that the trends for emerging markets differ. Hence, emerging market central banks and policy makers should carefully evaluate advanced economy focussed arguments when formulating their policies.
In addition, the results also offer an insight into the drivers of inflation during the post-crisis recovery, and why inflation remained weak afterwards. To shed light on this question we estimate how much the output gap responses of our model explain of inflation during (i) the post-crisis recovery (2009 Q2-2011 Q3) and (ii) the recent low inflation period (2011) (2012) (2013) (2014) (2015) (2016) (2017) .
Our model suggests that the domestic and global output gaps in advanced economies contributed to higher inflation during the postcrisis recovery (2009 Q2 -2011 Q3) . Inflation increased 54 basis points on average, and our model suggests that the output gaps implied roughly on average an increase in inflation of around 23 basis points using short-run coefficients, and 44 basis points using long-run coefficients as both domestic and global output gaps increased strongly (by more than three percentage point each).
However, other factors than the output gaps seem to be responsible for the weak observed inflation during the 2011-2017 period. Inflation fell on average by more than 40 basis points in advanced economies, partly driven by oil prices, while the output gaps suggest a very small increase in inflation of below 1 basis point as the output gaps moved in the opposite direction: the effect of moderate increase of the average domestic output gaps (around 60 basis points) was largely offset by the effects of the decline in the global output gap (around 20 basis points).
We conclude that the New-Keynesian Phillips curve framework continues to be useful for estimating the effects of output gaps on inflation in a cross-country setting. It is well-suited to control for non-linear exchange rate pass-through and also for potential unobserved global factors in a framework relevant for monetary policy. Appendix A Data sources National data BIS Authors' calculations National output gaps of each country are estimated using nine different methods (including univariate and multivariate filters, the production function approach and two expectations-based measures), and are then aggregated into a global output gap using GDP weights. Sample includes 15 advanced economies and 23 emerging market and developing economies; quarterly data for 2000-17.
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Exchange rates
Nominal effective exchange rate Nominal effective exchange rate indices are calculated as geometric weighted averages of bilateral exchange rates. Broad indices comprise of 61 economies, with data from 1994. Quarterly averages, quarter-on-quarter log changes.
BIS
Oil prices
West Texas Intermediate (WTI) crude oil spot price. Quarterly averages, quarter-on-quarter log changes.
Bloomberg
Appendix tables
Effect of domestic output gap for advanced economies, with time fixed effects Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) Effect of domestic output gap for EMEs, with time fixed effects Table B2 Coefficients using system GMM estimations in Equation 6 Dependent variable: π Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) Effect of domestic and global output gaps for advanced economies Table B3 Coefficients using system GMM estimations in Equation 1, for global output gap estimate of Kose et al. (2018) Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) Effect of domestic and global output gaps for EMEs Table B4 Coefficients using system GMM estimations in Equation 1, for global output gap estimate of Kose et al. (2018) Note: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998) c Reports p-values for the null hypothesis that the errors in the first difference regression exhibit no second order serial correlation.
